In the present study twenty five human urine samples of hospital patients were screened for Staphylococcus aureus. Twenty percent of the samples were positive for Staphylococcus aureus as yellow colonies were observed aerobically on mannitol salt agar, out of the five isolates two were catalase positive. On the basis of resistance against methicillin, out of the three catalase positive isolates, two were MSSA and one was MRSA. One MRSA and one MSSA strain was examined using PCR technique, for gene identification. The mecA and nuc gene were amplified using PCR technique. The presence of mecA gene and nuc gene in MRSA and MSSA respectively, confirmed the strains. Comparative gene analysis of mecA gene and nuc gene was performed using BLAST and CLUSTALW tools. Thereafter rooted phylogenetic tree was obtained for both mecA and nuc gene sequences explaining the genetic evolutionary lineage. Present study analyzed the resistance mechanism of MRSA and to identify the gene responsible in order to control the re-emerging methicillin resistant Staphylococcus aureus infection.
Staphylococcus aureus is one of the most important opportunistic pathogen among Staphylococci belonging to Micrococaceae family causing significant infections under appropriate conditions (Narmeen and Jubrael 2009). Methicillinresistant S. aureus, abbreviated MRSA is one of a number of greatly feared strains of S. aureus which have become resistant to most â-lactam antibiotics. MRSA was first isolated in 1960 as a nosocomial pathogen, now known as hospital-acquired MRSA (HA-MRSA). Another class of MRSA, designated community-acquired MRSA (CA-MRSA), emerged in the community from 1997 to 1999, posing a novel threat worldwide (Goldstein et al. 2012) . Recently strains of multiple drug resistant Staphylococcus aureus have appeared and proven very difficult to treat. During the late 1950s and early 1960s, Staphylococcus aureus caused considerable morbidity and mortality as a nosocomial or hospital acquired pathogen and has become the head leading cause of nosocomial infection during the last two decades. Unfortunately, MRSA (methicillin resistant Staphylococcus aureus) strains isolated are resistant to multiple non-ß-lactam containing antimicrobial drugs (Abraham et al. 2009 ).
Resistance is conferred by the mecA gene, which codes for an altered penicillin-binding protein (PBP2a or PBP2') that can function as transpeptidase (Lopez et al. 2012 ). In the absence of ß-lactam antibiotics the Staphylococci utilize usual PBPs to synthesize the cell wall which is composed of peptidoglycan. In contrast, an additional low affinity penicillin binding protein PBP designated PBP 2a is encoded by a unique MRSA-PBP gene and is the main factor responsible for the expression of the ß-lactam resistance of MRSA which is an intrinsic resistance of the cells to all ß-lactam antibiotics is mediated by the methicillin resistance determinant (Haroun and Hameed 2011) . Much of the research aimed at identifying novel therapeutic targets for the treatment of Staphylococcus aureus infections has been directed at identification of specific virulence factors and regulatory circuits that are relevant to the disease process. Some organisms rapidly acquire resistance e.g. coliforms and Staphylococcus aureus. The organisms exhibit remarkable versatility in their behaviour towards antibiotics, with some strains having overcome most commonly used drugs (Uwaezuoke and Aririatu 2004) .
Comparative genomics is an attempt to take advantage of the information provided by the signatures of selection to understand the function and evolutionary processes that act on genomes (Chandrakanth et al. 2010) . A typical alignment procedure involves the application of a program such as CLUSTAL W, followed by a tree building program. For further identification at genus level, bacterial isolates were identified through homology search with BLAST and FASTA using mecA and nuc gene sequences. Keeping in mind the increasing mortality rate due to MRSA infections in the last two decades, in the present study the sequence of the mecA gene which accounts for the resistance of Staphylococcus aureus towards â-lactam antibiotic methicillin and the sequence of nuc gene, which is found in all Staphylococcus aureus strains were subjected to phylogenetic analysis. This study suggests that further research must continue on analyzing the resistance mechanism of the genes responsible for imparting resistance in Staphylococcus aureus strains, in order to control the reemerging MRSA infections.
MATERIALS AND METHODS

Isolation and identification of Staphylococcus aureus Bacteria
Twenty five human mixed stream urine samples were collected from the pathology department, Jeevan Jyoti Hospital, Allahabad, INDIA. The urine samples were inoculated on mannitol salt agar (MSA) plates. The plates were incubated aerobically at 37p C for 24 h to obtain colonies (Abraham et al. 2009 ) that were identified on the basis of cultural, morphological and biochemical characteristics as described in the Bergey's Manual of Determinative Bacteriology (Holt et al. 1984) .
Antibiotic Susceptibility Pattern of Staphylococcus aureus against selected antibiotics
The test organism was tested for its sensitivity towards the given antibiotics using the Disk Diffusion Method (Bauer et al., 1966) . Overnight broth cultures were spread on the surface of Nutrient Agar Media plates with the help of sterile swabs. The antibiotic discs (Hi Media) were placed on the agar surface and plates were incubated aerobically at 37p C for 24 h. Zone of inhibition was measured in 'mm' and the result interpreted on the basis of CLSI standards (Wayne, 2003) . Antibiotic discs of various concentrations i.e. Amoxicillin (AMX) 10µg, Ceftriaxon (CTX) 30µg, Cefuroxime (CFX) 30µg, Ciprofloxacin (CIP) 5µg, Gentamicin (GEN) 10µg, Methicillin (MET) 5µg, Norfloxacin (NOR) 10µg, Penicillin-G (P) 1µg, Tetracycline (TE) 30µg, Vancomycin (VA) 30µg were used in the present study. Gene Amplification and Comparative Gene Analysis DNA was isolated followed by PCR to amplify the gene sequences of mecA gene present in MRSA strain and nuc gene in MSSA strain and then gene sequencing was done. The gene sequences of mecA and nuc gene were analyzed using BLAST (basic local alignment search tool) to search the sequences available on the data base. Four sequences were selected having high similarity with nuc gene and six sequences were selected having high similarity with mecA gene. ClustalW tool was used for multiple sequence alignment of the nuc gene sequence along with the four related sequences. Then multiple sequence alignment of the mecA gene sequence along with the six related sequences was performed. The data obtained as a result of multiple sequence alignment, was represented in the form of rooted UPGMA (unweighted pair group method of arithmetic mean) phylogenetic tree. The phylogenetic tree was interpreted in order to analyze the genetic evolutionary lineage.
RESULTS AND DISCUSSIONS
Culture Characterization
Out of twenty five samples, five samples (20%) were positive for Staphylococcal spp as yellow colonies were observed aerobically on mannitol salt agar, this yellow pigmentation was due to the mannitol fermentation by the organism. One colony was picked from each of the five plates which were positive for Staphylococcal spp and noticed that these five isolates were gram-positive cocci, arranged in clusters, when screened for morphological characteristics.
On the basis of biochemical characterization the five isolates were found to be non-motile, also gave positive result for nitrate reduction test and methyl red test, while negative result was obtained for indole test. Tube Coagulase test was performed, which is the most commonly used method to identify S. aureus and the five isolates were coagulase positive. Another study showed comparable results in which thirty six out of hundred isolates (36%) were gram-positive cocci in cluster form, catalase positive and eighteen out of thirty six isolates fermented mannitol. Six out of eighteen isolates were tube coagulase positive, which was presumptive as MRSA (Amini et al. 2012) . The carbohydrate fermentation test revealed that Staphylococcus aureus isolates demonstrated fermentation of glucose, galactose, sucrose, fructose, mannitol, whereas could not ferment raffinose (Table 1) .
Antibiotic Susceptibity pattern of Staphylococcus aureus
On the basis of resistance against methicillin, out of the three catalase positive isolates, two were MSSA and one was MRSA. The MRSA strain was resistant towards the seven out of eleven antibiotics used, whereas MSSA was resistant towards three out of eleven antibiotics used. Among the eleven antibiotics, gentamicin possessed maximum inhibitory potential whereas penicillin showed least inhibitory effect against MRSA and MMSA strains. MRSA strain was multi- drug resistant as it was resistant to methicillin, penicillin, cefuroxime, ceftazidim, ceftriaxone, ciprofloxacin, tetracycline (Table 2 ). In the present study the antibiotic susceptibility of the MSSA and MRSA isolates was tested. Results revealed that both MRSA and MSSA strains were sensitive to amoxicillin, gentamicin and this was comparable with the reports of other workers (Nwankwo et (Fig. 1) . mecA is the gene responsible for resistance towards methicillin while nuc gene is responsible in detecting the presence of S. aureus, thus this sample can be considered as MRSA. Those samples which lack nuc gene were not S. aureus. In the previous study five isolates of Staphylococcus aureus were positive for the presence of mecA gene and only one of the samples was positive to nuc gene (Amini et al. 2012) .
Following sequences were obtained for nuc gene in methicillin susceptible and mecA gene sequence in methicillin resistant Staphylococcus aureus respectively. nuc gene sequence in methicillin susceptible Staphylococcus aureus: >giAAAGGTGAAGATAAAGTGCATGTTCAAA
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On submitting the mecA and nuc gene sequences to nucleotide BLAST (basic local alignment search tool), information about the two test sequences were retrieved (Nuc gene sequence in MSSA: Query ID lcl|1011Database Name: nr; Program: BLASTN 2.2.28; Query Length: 250) and (mecA gene sequence in MSSA: Query ID lcl|17517Database Name: nr; Program: BLASTN 2.2.28; Query Length: 712). As a result of BLAST the sequences available on the database showing high sequence similarity with the mecA and nuc gene sequences respectively, were retrieved. Four sequences were selected having high similarity with nuc gene and six sequences were selected having high similarity with mecA gene. As a result of multiple sequence alignment using ClustalW tool, the nuc gene sequence along with the four related sequences and the mecA gene sequence along with the six related sequences were aligned on the basis of sequence identity (Higgins et al. 1996) and then rooted UPGMA phylogenetic tree was obtained for both mecA and nuc gene sequences explaining the genetic evolutionary lineage (Fig. 2 a,b) .
As a result of the phylogenetic tree retrieved for the mecA gene sequence in MRSA (Fig. 2a) it was concluded that the mecA gene sequence showed sequence similarity with two clusters of sequences viz gi 84b71667 dbj AB221123.1; gi 84b71661 dbj AB221120.1; gi 90265732 dbj AB236888.1; gi 78038799 dbj 
